Objective: Postoperative delirium is common after extensive surgery. This study aimed to collate and synthesize published literature on risk factors for delirium in patients with head and neck cancer surgery. Methods: Three databases were searched (MEDLINE, Embase, and Cochrane Library) between January 1987 and July 2016. The Newcastle Ottawa Scale (NOS) was adopted to evaluate the study quality. Pooled odds ratios or mean differences for individual risk factors were estimated using the Mantel-Haenszel and inverse-variance methods. Results: They provided a total of 1940 patients (286 with delirium and 1654 without), and predominantly included patients undergoing head and neck cancer surgery. The incidence of postoperative delirium ranged from 11.50% to 36.11%. Ten statistically significant risk factors were identified in pooled analysis. Old age, age >70 years, male sex, duration of surgery, history of hypertension, blood transfusions, tracheotomy, American Society of Anesthesiologists physical status grade at least III, flap reconstruction and neck dissection were more likely to sustain delirium after head and neck cancer surgery. Conclusion: Delirium is common in patients undergoing major head neck cancer surgery. Several risk factors were consistently associated with postoperative delirium. These factors help to highlight patients at risk of developing delirium and are suitable for preventive action.
Introduction
Delirium is a decline caused by physical problems from previously attained baseline level of cognitive functions. Delirium is not a disease, but rather a clinical syndrome. It is defined as a change in mental status and is characterized by a disturbance in consciousness with a reduced ability to focus and changes in cognitive functions (1) . Delirium is also encompassing other neuropsychiatric symptoms, including disorientation, thought disorder, memory problems, language disorder, sleep disturbance, delusions, mood lability and so on.
Postoperative delirium is a main complication after extensive surgical procedures. It often arises within a few days after surgery also gets a quick recovery. The 2010 National Institute for Health and Care Excellence (NICE) delirium guidelines described risk factors: age over 65 years, and pre-existing cognitive impairment, and current hip fracture or serious illness (2) . Postoperative delirium is often associated with longer hospital stay, poorer functional recovery and higher healthcare costs (3, 4) . Many patients who have undergone major head and neck cancer surgery are considered to be at high risk for postoperative delirium, because most patients have advanced age and a long time surgery which may take more than 10 h, also immediate reconstruction with free flap are performed (5, 6) . Identification of individuals at high risk of delirium development of early prevention and intervention strategies after head and neck surgery would have a great significance.
Until now, no formal systematic review or meta-analysis has been performed to summarize the risk factors of delirium after head and neck cancer surgery to obtain a definitive conclusion. The aim of this systematic review was to identify key risk factors for delirium in patients undergoing major head and neck cancer surgery. It would be most informative in guiding clinicians for identifying high risk patients and help them to manage delirium in patients with cancer, diagnose it accurately and undertake appropriate assessment of underlying causes.
Materials and methods

Search strategy
This report follows the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) statement. A systematic literature search was performed up to July in MEDLINE, Embase, and Cochrane Library by two independent authors (Y.Z. and G.P.W.). The main key words were as follows: 'oral' OR 'head and neck' AND 'delirium'. In addition, we manually searched the reference lists of all identified relevant publications and reviews.
Study selection
Two authors (Y.Z. and G.P.W.) independently assessed literature eligibility, and disagreements were resolved by discussion with the corresponding author (W.J.Y.). Studies were eligible for inclusion if they met the following criteria: (1) studies published in English; (2) observational study including cohort, case-control and cross-sectional studies; (3) studies using a validated delirium diagnostic/assessment tool; and (4) a minimum of 1 risk factor identified as being associated with delirium. Exclusion criteria were: studies relating exclusively to delirium tremens and studies based solely in intensive care.
Data extraction and quality scoring
Data were extracted from each eligible study by two authors (Y.Z. and G.P.W), separately. Any disagreement was discussed between the review authors until consensus was reached. For each article, the following data were extracted when available: name of the first author, year of publication, location of study, risk factor(s) studied, and the number of patients with and without postoperative delirium (POD), types of studies design, the diagnosis tool of delirium, the incidence of delirium. And univariate odds ratios (ORs) with corresponding 95% confidence intervals (CIs) for each identified risk factor were also extracted. If the OR was not reported, it was calculated from the original data.
The Newcastle Ottawa Scale (NOS) was adopted to evaluate the study quality. The included studies were judged on three broad perspectives: the selection of study populations, the comparability of the populations, and ascertainment of exposure and the outcomes of interest for case-control or cohort studies, respectively. This scale assigned a maximum of nine points for each study. Two independent authors (Y.Z. and G.P.W.) performed the data extraction and quality assessment for included studies. Any disagreement was settled by discussion.
Statistical analysis
All statistical analyses were performed using Review Manager 5.1 (Cochrane Collaboration, UK). All P values were two-sided, and those less than 0.05 were considered to be statistically significant. Univariable risk factors were summarized for each included study. Meta-analysis was undertaken where two or more studies examined the same risk factor in a comparable manner (numerical data available and comparable units of measurement). Meta-analysis was used to estimate the pooled OR for discontinuous data, or mean difference (MD) for continuous data, between patients with delirium and those without, for reported risk factors. Review Manager version 5.1 was used to estimate the pooled results, using the MantelHaenszel estimator to calculate ORs and the inverse-variance method to calculate pooled MD values. Heterogeneity among studies was assessed by using Higgins I2 value. I2 describe the percentage of total variation because of between-study heterogeneity rather than chance. The random-effects model was used if there was heterogeneity between studies; otherwise, the fixed-effects model was used.
Results
Characteristic of included studies
The study's identified and selected procedures are summarized in Fig. 1 . The characteristics of the articles are described in Table 1 . Briefly, eight studies were included in the current meta-analysis. A total of 1940 patients were studied (286 with POD, 1654 without), and POD was reported between 11.50% and 36.11% of patients in the studies. The mean age of patients included in the studies ranged from 68 to 81 years, and there was an almost equal split between women and men (691 and 736, respectively). The DSM criteria were used in four of eight studies, and the remainder used the MMS, ICD-10, hospital records and other information.
Risk factors
The ORs, along with their 95% CIs, of the risk factors are presented in Table 2 . Of these, 25 factors were examined in two or more studies. Of the 25 factors analyzed in this current meta-analysis, 10 demonstrated statistical significance (Fig. 2) .
Meta-analysis of four studies revealed that patients who developed POD were significantly older (MD 10.87, 95% CI 5.79-15.94; I2 = 76%), meanwhile, age older than 70 years was significantly associated with the risk of developing delirium (OR 2.07, 95% CI 1.45-2.96; I2 = 0%). Another demographic factor, male sex, was also found to be associated with delirium risk in the pooled analysis (OR 1.94, 95% CI 1.41-2.65; I2 = 62%). Meta-analysis of two studies indicated that patients with a history of hypertension were more likely to develop delirium than controls (OR 2.67, 95% CI 1.58-4.50; I2 = 0%). Combined assessment of comorbidities and physical status, as measured by American Society of Anesthesiologists (ASA) fitness grade, demonstrated a significantly higher risk when the ASA grade was III or over (OR 5.65, 95% CI 1.57-20.36; I2 = 70%).
Regarding intraoperative data, the pooled analysis of studies revealed that the duration of surgery, blood transfusion, flap reconstruction and neck dissection were risk factors for developing delirium. Patients with delirium experienced significantly longer surgery durations (MD 54.69; 95% CI 22.81-86.57; I2 = 40%) and more blood transfusion (OR 4.52; 95% CI 2.16-9.47; I2 = 0%) compared with those of patients without delirium. The pooled results of immediate reconstruction with free flap showing a statistical association between delirium and flap reconstruction (OR 1.78; 95% CI 1.21-2.61, I2 = 3%). There was a significant difference between the neck dissection rate in the patients with and without postoperative delirium (OR 3.76; 95% CI 1.70-8.32, I2 = 0%).
Three studies of total 358 individuals investigated the role of postoperative tracheotomy in the development of delirium. There was a significant difference in the performance of tracheotomy between the patients with and without postoperative delirium (OR 2.22; 95% CI 1.24-3.98, I2 = 0%).
Discussion
Delirium is a common complication in patients after major head and neck cancer surgery. Results in this meta-analysis suggested the overall prevalence of postoperative delirium was 19.26%. Delirium has been classified into three motor subtypes: hyperactive, hypoactive and mixed forms (15) . Causes of delirium may include any biological, psychological or social factors. It was also supposed to be part of some mental illnesses or dementia. This meta-analysis demonstrates that advanced age, especially older than 70 years of age, male gender, duration of surgery, history of hypertension, blood transfusions, tracheotomy, ASA fitness grade ≥III, neck dissection and flap reconstruction are the most consistently significant risk factors for postoperative delirium after major head and neck cancer surgery. One of the most important risk factors was advanced age, especially patient over 70 years old are more likely to experience postoperative delirium than those relatively young. This may be due to the fact that elderly patients were more likely influenced by agerelated physical and psychical changes, such as poor organ compensative capacity, reduced body adaptability, declined adjustment ability and so on. Shiiba et al. speculated that elderly patients were less able to adapt physically and psychologically to drastic alterations during the surgical period than younger patients (16) .
Patients who developed postoperative delirium were more often males. Edlund et al. (17) reported that men suffered more postoperative complications and had higher long-term mortality after femoral neck fracture surgery. These patients usually experienced perioperative hypotension or perioperative blood pressure falls and had more postoperative complications such as infections and depressed mood. Recently, a systematic review of preoperative risk factors for delirium after noncardiac surgery demonstrated that there is insufficient evidence to support an association between male gender and delirium based on pooled analysis of 10 studies (18) . Our results may indicate that women could deal with postoperative psychological stress better.
Our study, which is consistent with earlier work that hypertension is an important predictor of delirium in patients undergoing head and neck cancer surgery (7, 14) . Chronic hypertension has been reported associated with impairment in memory and attention (19) . Blood pressure elevation is the strongest risk factor for dementia, if the intraoperative pressure is not controlled well, a stroke might consequently occur would further worsen cognitive derangement (20) . Hirsch et al. have previously reported, increased blood pressure fluctuation, not absolute or relative hypotension was predictive of postoperative delirium (21) . So we speculate that postoperative delirium can be decreased by less cardiovascular stress response during anesthesia and maintaining the hemodynamic stability during the preoperative periods in patients with a history of hypertension. Especially in the head and neck cancer surgery, controlled hypotension is always implemented for lessening of blood loss. Time as possible reduction of blood pressure since cerebral auto regulation is slower as age increases is in the patient's best interest.
This meta-analysis found that ASA physical status Class 3 and more than 3 was an important factor in delirium risk assessment. Several studies (3, 22) have assessed preoperative physical condition as a risk factor of delirium after hip surgery by examining number of medical comorbidities and ASA rating scale (23) . In a study of 400 hip fracture patients, Mullen et al. (24) found that 94% of delirium cases were associated with at least a medical complication. In most cases, deterioration in mental status postoperatively was a symptom of an organic complication. Head and neck cancer surgery was a kind of confine operation which cannot delay too long time. Evaluation of the preoperative physical condition of the patient and accurate treatment of systematic disease may reduce the incidence of delirium.
We reported that blood transfusion is an important factor in delirium risk assessment. Head and neck is rich in blood vessels which easy to cause the intraoperative bleeding. Schneider et al. demonstrated that a trend for greater intraoperative blood loss with a subsequent need for increased transfusions was heavily associated with postoperative delirium (25) . Transfusions are commonly used during the perioperative period with head and neck cancer surgery cuts off for the nutrient-rich blood supply to tumors. The association between low hemoglobin level and delirium is still controversial. Hongying Tan et al. (26) provided evidence suggesting transfusion of old RBC (longer than 14 days) but not with fresh RBC can induce neuroinflammation and impairment of learning and memory. Maybe there is a connection between the storage time of RBC and transfusion amount with POD. We suggest that blood transfusion should be restricted according to hemoglobin level and hemodynamic parameters, if necessary, transfusion with fresh RBC.
Most patients who have undergone major head and neck cancer surgery would have a prolonged surgery contains complex procedures such as radical neck dissection and immediate reconstruction with free flap. Longer surgical duration has been reported associated with the development of postoperative delirium following some types of surgery, for example, spinal surgery (27) and orthopedic surgery (28) . The operation takes more time means more blood loss and the possibility of transfusion. Also, patients need a long time anesthesia in such major operation. Gaudreau et al. (29) found that patients exposed to daily doses of morphine higher than 90 mg were 2.1 times more at risk of developing delirium than patients who were exposed to smaller doses. Although previous studies on opioids delirium associations are still inconsistent. Opioids could enhance the activity of the ventral tegmental area dopamine neurons then increase dopamine release in the nucleus accumbens (30) . Opioid analgesia with low dose dexmedetomidine or non-steroidal antiinflammatory drugs (NSAIDs) can provide better intraoperative analgesia and sedation, especially can reduce opioid dose in such long time operation which may has a certain relationship with the occurrence of delirium.
The surgery of major tumor resection and free flap reconstruction always means loss of partial or whole function of the operation site. In most cases of oral cancer, an adequate tumor resection often involves the sacrifice of tongue, palate or other important structures. A tracheotomy for postoperative respiratory management is also required. Patients would lose the ability to communicate with others and the ability to swallowing through the mouth following surgery. Unexpected facial appearance changes may result in additional mental stress. All these factors can be challenging to psychological and physical stress of the patients. The literature has shown a reciprocal relationship between physical function and depression (31) . It also has been reported that the poor physical status is the most crucial factor in the development of postoperative mental disorders (32) . In addition, patients received flap reconstructive surgery may force bed rest nearly 1 week. It has been reported that the incidence of postoperative delirium is reportedly high following surgery for hip fracture, as patients generally require several days of postoperative forced on bed (33) .
Additionally, head and neck cancer surgery may contribute to nutritional problems including decreased functional status, reduced food intake, poor appetite and dysphagia. Oral cancer patients often cannot eat properly after major surgery. Nutritional status may also play a role in causing this acute cognitive dysfunction. Many nutritional deficiencies (i.e. B and D vitamins, antioxidants, glucose, water and lipids) have been shown to alter the way one thinks and restoring the balance in many of these nutrients can lead to resolution of delirium (22) . Causes of delirium must be interaction with multi-factors rather than a single one.
Limitation
The potential limitations of this meta-analysis should be considered which may limit application of its results to all populations. First, considering the nature of observational studies that are susceptible to methodological and confounding biases inherent in the primary studies, we could not fully rule out the possibility of residual confounding. Not all the ORs regarding the potential risk factors applied for the meta-analysis were adjusted because a lot of reports could only provide the univariate rather than multivariate statistics. Second, the variety of assessment standards for delirium across studies could have caused methodological limitations and compromised the results. The third, using high opioid doses, alcohol abuse and smoking would seem to increase risk for postoperative delirium. Studies by Leung et al. reported the combination of both high postoperative pain and opioid doses clearly increase risk for postoperative delirium among patients with high preoperative risk (34) . Alcohol abuse also results in delirium tremens when a dependent patient abstains from alcohol (35) . Smoking was found to increase the risk of delirium through the buildup of microvascular and atherosclerotic changes in the brain (36) . Studies by Hessler demonstrated only current smoking but not being a quitter and the lifetime amount smoked were associated with inpatient delirium (37) . But our analysis did not indicate that these patients are at higher risk. Maybe the studies included in our literature were statistically smaller. The last, the majority of studies are from Japan, which may reduce the applicability and generalizability to some extent, so more researches with larger sample size and from other countries should be conducted in the future.
Conclusions
This is by far the first study to quantitatively summarize the risk factors for the development of delirium after major head and neck cancer surgery. The risk factors identified in this review included old age, age >70 years, male sex, history of hypertension, duration of surgery, blood transfusions, ASA fitness grade ≥III, neck dissection, tracheotomy and flap reconstruction. There are some noteworthy exceptions from previous studies. Our analysis identifies neck dissection, flap reconstruction, tracheotomy as having evidence being risk factors for delirium in head and neck cancer surgery. All of these are considered as precursors in the pathogenesis of delirium. It is advisable to utilize the above mentioned risk factors to make a perioperative risk evaluation to improve the outcome of head and neck surgery patients with delirium. And some of these factors can also be used to develop preventive approaches.
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